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Description 

This invention relates to an actuator to be used 
with a detonator and to a detonator-actuating sys- 
tenn for use in blasting. 

BACKGROUND ART 

A conventional blasting systenn connprises a 
series of explosive charges which are detonated by 
detonators which are wired to a renaote comnnand 
source. In order to prevent breakage of the wiring 
connecting detonators set to go off late in the 
blasting by earlier explosions, the detonators are 
provided with delays, such that the last detonator 
to explode has received its firing signal prior to the 
explosion of the first. Recent innprovennents in the 
system have included electronic delays (replacing 
the older, less precise pyrotechnic delays), and the 
ability to program such delays in situ. German 
Offenlegungsschrift 3301251 provides an example 
of the versatility of which these systems are ca- 
pable. 

DE-A-3114234 describes a remotely controlled ig- 
nition device having a delayed action igniter arming 
circuit which can be instantaneously actuated by 
the identification of a radio signal of preselected 
frequency. There is no provision for any timed 
delay after receipt of the actuating signal and 
therefore the devices are not suitable to effect 
sequential firing of a plurality of ignition devices e.g 
in rock blasting. 

There has recently been described in my 
copending Australian Patent Application Number 
PH1255 a detonator which comprises conditioning 
means which prevent voltage or current capable of 
firing the detonator from reaching the fusehead 
conductors prior to the altering of the conditioning 
means from a "normal" (incapable of being fired) 
state to an "armed" state. This provides a consid- 
erable safety factor not previously present in deto- 
nators. 

I have now found that it is possible to maximise 
this safety factor by using such detonators in com- 
bination with a particular actuating system. I there- 
fore provide, according to the present invention, an 
actuator for a detonator, comprising control cir- 
cuitry which is responsive to digital input signals 
from a control device applied to inputs thereof, said 
control circuitry being operable, on receipt of at 
least one predetermined input signal, to (1) gen- 
erate an output arm signal which is applied in use 
to the detonator to render the detonator capable of 
being actuated and (2) generate an output actuate 
signal which is applied to the detonator after a 
predetermined delay relative to said predetermined 
input signals to cause explosive actuation of the 
detonator. 



By "actuator" I mean a unit whose function is 
to receive signals from a control device, and to 
actuate a detonator. The type of detonator with 
which an actuator of the type used in this invention 

5 is associated may be one which must be armed 
before it can be detonated. An especially preferred 
type is described in my co-pending Australian Pat- 
ent Application No. PH1255. However, the actu- 
ators according to my invention may be used in 

10 association with conventional detonators by, for ex- 
ample, connecting the detonator with the actuator 
such that only the actuate signal is transmitted to 
the detonator. By "associated", I mean that the 
detonator and the actuator may be connected in 

75 some way such that signals may be passed from 
actuator to detonator. This may be achieved, for 
example, by wiring the two components together, 
or by incorporating the actuator within the detona- 
tor. However, in a preferred embodiment, the ac- 

20 tuator and detonator are in modular housings, and 
are simply connected together prior to putting into 
a blasthole. In this case, all the appropriate elec- 
trical connections are made by the connection of 
the modular housings. 

25 The actuator for use in this invention incor- 

porates the delay which is so important in large- 
scale commercial blasting. The specific length of 
delay may be built into the actuator during manu- 
facture, but I prefer to have the delay program- 

30 mable; this confers considerable versatility on the 
system. Thus, an actuator may be programmed 
electronically prior to its being inserted in a 
blasthole. Even more versatility is conferred by 
having the actuator programmable when the deto- 

35 nator is in place in the blasthole via the means 
through which the input signals are transmitted. 
Thus, a blast pattern can be altered at will and in 
complete safety up to the time of sending of the 
input arm and input actuate signals. 

40 The electronic circuitry within the actuator 

stores delay information and acts on an appropriate 
signal or appropriate signals from the control de- 
vice to generate output arm and output actuate 
signals separated by a selected delay time. Prefer- 

45 ably, the circuitry will comprise a microcomputer 
with a memory which stores at least both an arm 
code and an actuate code and preferably also the 
selected delay time. The microcomputer analyses 
input signals, and when it identifies a predeter- 

50 mined signal or pre-determined signals it then 
causes to be generated appropriate corresponding 
output arm and actuate signals. 

The nature of the signal received by the ac- 
tuator is a coded digital signal, and the circuitry of 

55 the actuator may be such that this signal can cause 
the generation, by reference to arm and actuate 
codes and the predetermined delay stored in the 
actuator circuitry, of both arm and actuate output 
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signals. A typical signal of this type is coded. 
There are a number of advantages in having the 
input signal as coded digital signals. It means that 
if the actuator is conditioned to recognise certain 
digital codes, it will act only on those codes. Ac- 
cidental or unauthorised firing can thus be almost 
completely eliminated. 

The nature of the signal or signals transmitted 
by the actuator to the detonator may be any conve- 
nient signal suitable for the purpose of actuating 
the detonator. In the case of a conventional detona- 
tor, it may be a simple voltage or current suitable 
for causing the ignition of a flashing mixture and 
the consequent explosion of the detonator. How- 
ever, the signal preferably comprises a multi-bit 
digital code; 

when such a signalling system is used with a 
preferred detonator as described in my co-pending 
Australian Patent Application No. PH 1255, it per- 
mits of degrees of security and safety not attain- 
able with known detonating systems. 

The power to drive the actuator and the deto- 
nator itself may be provided by any convenient 
means, consistent with the fact that a detonator set 
to explode late in a series of blasts should not be 
prone to failure by the breakage by an earlier 
explosion of a wire connection thereto. The power 
source for the arming and actuating of the detona- 
tor should therefore be in close proximity to the 
actuator and preferably either enclosed within the 
actuator housing or capable of being connected to 
it. The power source may be a battery, or prefer- 
ably a temporary power source such as a capacitor 
which is charged by signals from the surface. In an 
especially preferred embodiment of my invention, 
the capacitor is housed in a separate modular unit 
which can be attached to the detonator and ac- 
tuator units, such that they form an integral unit 
with internal wiring and connections appropriately 
joined by the act of joining together the individual 
modular units. 

The actuator receives its signals from a control 
device on the surface. This may be a remote 
exploder box of the type well known to the art. 
However, when the actuators of my invention are 
used in conjunction with a selected control device, 
the result is a detonator actuating system of re- 
markable versatility and safety. I therefore also 
provide a detonator actuating system comprising 

(a) an actuator as hereinabove described asso- 
ciated with a detonator which has an explosive 
charge; and 

(b) a control device for controlling by means of 
coded digital signals to the actuator the opera- 
tion of the detonator; 

the control device comprising a microcomputer 
having a memory which stores at least an arm 
code and an actuate code, and wherein the micro- 



computer has an arm key which upon actuation by 
a user causes generation and emission to the ac- 
tuator of an arm signal derived from the arm code, 
and an actuate key which upon actuation by a user 

5 causes generation and emission of an actuate sig- 
nal derived from the actuate code, the microcom- 
puter being such that the actuate key must be 
actuated within a predetermined period after ac- 
tuation of the arm key otherwise the actuate signal 

10 is not transmitted to said actuator. 

My invention additionally provides a control 
device suitable for use in a detonator actuating 
system as hereinabove described. 

The control device which acts in concert with 

75 the actuator may be adapted to control a plurality 
of detonators. A preferred control device comprises 
a microcomputer with at least arm and actuate 
codes, and arm and actuate keys which, when 
operated, act to generate arm and actuate signals 

20 and send them to the actuator. The microcomputer 
is such that the actuator key must be operated 
within a predetermined period after operation of the 
arm key, otherwise no actuate signal is transmitted. 
This feature adds a further useful margin of safety 

25 to an already very safe system. 

Preferably the microcomputer comprises a 
memory which additionally stores a reset code and 
the microcomputer operates to generate an output 
reset signal derived from the reset code if the 

30 actuate key is not actuated within the predeter- 
mined period after actuation of the arm key, the 
output reset signal rendering the detonators incapa- 
ble of being explosively actuated until a predeter- 
mined sequence of output arm and actuate signals 

35 is received. It follows of course, that the actuator 
must have appropriate circuitry which permits of 
this resetting function. 

Preferably the actuator has delay timing means 
which may be calibrated from the control device. 

40 This may be achieved by having an actuator unit 
which is responsive to calibrate signals and the 
microcomputer of the control device is arranged to 
generate an output calibrate signal in response to 
actuation of a calibrate key or a programmed in- 

45 struction whereupon the timing means is actuated 
for a period terminated by a control signal from the 
control device, the output of the timing means 
being stored in control circuitry of the actuate unit 
whereby a delay period stored therein can be cali- 

50 brated on a time basis relative to the control de- 
vice. It is possible to incorporate the calibration 
function in the control device such that it is auto- 
matically carried out when the arm key is operated. 
As hereinabove stated, it is possible not only to 

55 calibrate the delay times for accurate detonation 
but also to program them from the surface. This 
can be done from a suitably equipped control de- 
vice. A further considerable advantage of my inven- 
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tion Is that the calibration may be carried out only 
seconds before the actual blast, and the calibration 
signals may be part of the blast signal itself. This 
allows the use of low-cost components and re- 
duces costs considerably. 

In one preferred embodiment of my invention, 
the actuator may be equipped with a transducer 
unit which is couplable thereto such that all the 
appropriate electrical connections are made by the 
coupling. As is well known in the art, a transducer 
is an electronic device which is responsive to a 
preselected physical parameter (for example, pres- 
sure or temperature) and which produces corre- 
sponding condition signals which may then be 
sent, for example, to a measuring instrument or to 
an apparatus affected by the parameter so as to 
modify its behaviour. In this case, information from 
a transducer may be used to vary the calibration of 
the actuator, and any variation is communicated 
back to the control device at the surface, which 
control device is capable of receiving such signals. 
The actuator can thus "talk back" to the control 
device and this permits much tighter control over 
blasting operations. 

In some embodiments, the control device may 
include a connector which enables direct connec- 
tion with the control circuitry of the actuator units 
so as to read data stored in the actuator unit. That 
data might for instance comprise an identity code 
of the user, a code number assigned to a particular 
blast, and the delay period programmed into the 
detonator control circuitry. The control device may 
include a display such as an LCD display or a VDU 
for displaying this information to the user. In a 
further embodiment of my invention, the detonators 
may be receptive to control signals which prevent 
them from operating, and the control device may 
comprise circuitry which sends to the detonators a 
continuous stream of control signals which pre- 
vents any accidental or inadvertent firing. 

The invention will now be further described 
with reference to the following drawings: 

BRIEF DESCRIPTION OF DRAWINGS 

Figure 1 is a schematic view of a quarry having 
a plurality of charges arranged to be activated 

by remote control; 

Figure 2 is a similar view but showing an ar- 
rangement in which the charges are set off by a 
direct wire connection; 

Figure 3 is a side view of a detonator assembly; 
Figure 4 is a schematic sectional view through 
the detonator assembly of Figure 3; 
Figure 5 is a schematic view of lines in a com- 
munication bus; 

Figure 6 shows the circuitry of one embodiment 
of a conditioning means according to the inven- 



tion; 

Figure 7 shows the circuitry of another embodi- 
ment of a detonator unit; 

Figure 8 is a schematic circuit diagram for an 
5 embodiment of a detonator actuator unit; 

Figure 9 is a connection table showing the con- 
nections of the components of Figure 8; 
Figure 10 is a flow diagram illustrating the op- 
eration of the detonator actuator unit of Figure 8; 
10 Figure 11 is a schematic circuit diagram for 
another embodiment of a detonator actuator 
unit; 

Figure 12 is a connection table showing the 
connections of the components of Figure 1 1 ; 
75 Figure 13 is a schematic circuit diagram for an 
embodiment of a transducer unit; 
Figure 14 is a flow diagram for the operation of 
a transducer programme; 

Figure 15 is a schematic circuit diagram of part 

20 of a detonator controller; 

Figure 16 is a connection table showing the 
connections of the components of Figure 15. 
Figure 17 is a flow diagram illustrating the op- 
eration of the controller; 

25 Figure 18 is a sectional view through an em- 
bodiment of a detonator assembly; 
Figure 19 is a schematic circuit diagram for an 
embodiment of a detonator actuator unit suitable 
with assemblies as shown in Figure 18; 

30 Figure 20 is a connection table showing the 
connections of the components of Figure 19; 
Figure 21 is a flow chart illustrating the opera- 
tion of the circuit shown in Figure 19; 
Figure 22 is a schematic circuit diagram for an 

35 embodiment of a detonator actuator unit; 

Figure 23 is a connection table showing the 
connections of the components of Figure 22. 
Figure 24 is a flow diagram illustrating the op- 
eration of the detonator actuator circuit shown in 

40 Figure 22. 

MODES OF CARRYING OUT THE INVENTION 

Figure 1 shows a quarry face 2 and a number 
45 of charge holes 4 drilled into the ground behind the 
face. A detonator assembly 6 is located in each 
hole 4 and the remainder of the hole is filled with a 
bulk charge 8 such as ammonium nitrate fuel oil 
mixture which is supplied as a powder or slurry, in 
50 accordance with known practice. The detonator as- 
semblies 6 are connected by conductors 10 to an 
antenna 11 for a radio transceiver 12 located in one 
or more of the assemblies 6. The transceiver 12 
receives control signals from a controller 14 via a 
55 transceiver 15 so that the detonator assemblies can 
be actuated by remote control. A site safety unit 16 
may also be provided to provide additional safety 
during laying of the charges. The unit 16 is prefer- 
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ably located near the antenna 11 so as to be likely 
to pick up all signals received by the antenna 11. 
The safety unit 16 includes a loudspeaker 18 which 
is operated in ennergency conditions and prior to a 
blast. The detonator assemblies 6 are arranged to 
be actuated at an accurately determined time after 
the controller 14 has transmitted signals for the 
blast to commence. The detonator assemblies 6 
can be arranged to be activated in a precisely 
defined time sequence so that efficient use is 
made of the blasting materials. The number of 
blast holes 4 can of course be very considerable. 
For instance, in some large scale mining and quar- 
rying operations up to 2000 holes are sometimes 
required in a single blasting operation. 

Figure 2 shows an arrangement which is simi- 
lar to Figure 1 except that communication from the 
controller 14 to the detonator assemblies 6 is via a 
wire 20 extending from the controller 14 to the 
conductors 10. In this case the safety unit 16 is not 
required because of the hard wire connection be- 
tween the controller 14 and the detonator assem- 
blies 6, but it could be coupled to the wires 20 so 
as to sound an alarm when signals are detected for 
causing actuation of the detonator assemblies. 

Figure 3 shows the detonator assembly 6 in 
more detail. As will be described hereinafter, it 
comprises a number of interconnected modules 
which can be varied in accordance with require- 
ments. In the illustrated arrangement the modules 
comprise a detonator unit 22, an actuator unit 24, a 
transducer unit 26, a battery unit 38, an expander 
unit 40 and a connector unit 42. The units them- 
selves can be made with various modifications as 
will be explained hereinafter. Generally speaking 
however a detonator assembly 6 in a useful con- 
figuration will include at least the following units: a 
detonator unit 22, an actuator unit 24, a battery unit 
38 and a connector unit 42. 

Figure 4 shows a longitudinal cross section 
through the detonator assembly 6 revealing in 
schematic form the physical layout of the compo- 
nents. 

The detorator unit 22 comprises a tubular 
housing 44 which for instance might be formed 
from aluminium, or a resilient material which is a 
conductor such as carbonised rubber. The housing 
44 is provided with transverse partitions 46 and 48 
press fit into the housing 44. A first chamber 50 is 
formed between the partitions 46 and 46 and a 
second chamber 52 is formed between the partition 
46 and the closed end wall 54 of the housing. 
Extending into the second chamber 52 are two 
fusehead conductors 56 and 58 separated by an 
insulating block 60. The conductors 56 and 58 are 
connected to a fusible element 62 located within a 
flashing mixture charge 64. The remainder of the 
second chamber 52 is filled or partly filled with a 



base charge 66 of explosive material. The conduc- 
tors 56 and 58 include insulated portions 68 and 70 
which extend through an opening 72 in the partition 
46 and into the first chamber 50. 

5 Located within the first chamber 50 is a circuit 

board 74 which mounts electronic and/or electric 
components. The board 74 is supported by tabs 76 
and 78 pressed from the partitions 46 and 48. The 
partion 48 also supports a multipoint connector 108 

10 for a bus 82. 

The bus 82 has multiple lines which enable 
electrical interconnection of the various modular 
units although not all of the lines are required for 
the functioning of particular units. Figure 5 shows 

75 schematically the various lines in the bus 82 for the 
illustrated arrangement. In this case there are 11 
lines 84, 86, 88, 90, 92, 94, 96, 98, 100, 102 and 
104, some of which are required for the operation 
of the circuitry on the board 74 of the detonator 

20 unit 22. 

Figure 6 illustrates diagrammatically a circuit 
106 which is mounted on the board 74 of the unit 
22. The circuit 106 includes a connector 108 which 
allows connection to selected lines in the bus 82. In 

25 the illustrated arrangement, the line 84 is a voltage 
supply line and the line 86 is a ground line for the 
supply. The lines 94 and 96 carry, at appropriate 
times, high currents which enable fusing of the 
fusing element 62. The line 104 carries clock 

30 pulses whereas the line 102 carries an ARM signal 
which places the detonator unit 22 in a "armed" 
state so that it can be activated on receipt of 
appropriate driving currents on the lines 94 and 96. 
In the illustrated arrangement, the signals and cur- 

35 rents on the lines 94, 96, 102 and 104 are derived 
from the actuator unit 24. The power supply lines 
64 and 86 are coupled to receive power from the 
battery unit 38. 

The circuit 106 includes a relay 110 having a 

40 driving coil 112, normally closed contacts 114 and 
normally open contacts 116 which are connected to 
conductors 113 and 115 which are connected to 
the lines 94 and 96 via connector 108. The nor- 
mally closed contacts 114 are connected by means 

45 of conductors 117 to the aluminium housing 44 so 
that both sides of the fusible elements 62 are 
shorted directly to the housing. This is an important 
safety factor because the detonator unit 22 cannot 
be activated unless the relay 110 is operated. This 

50 protects the unit 22 from unwanted operation caus- 
ed by stray currents or radio frequency electro- 
magnetic radiation. In the illustrated arrangement, 
the relay 110 is not operated until just before 
signals are delivered to the lines 94 and 96 for 

55 activation of the detonator unit. The arrangement 
therefore has the advantage that until just prior to 
when the detonator unit 22 is activated, the fuse 
head conductors 56 and 58 cannot receive any 
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electromagnetic or electrostatic charges which 
might inadvertently fuse the element 62. 

The operating coil 112 of the relay is con- 
nected to a logic circuit 118 which receives input 
from lines 102 and 104. The preferred arrangement 
is that the circuit 118 must receive in ARM signal 
comprising a two part four bit code on the line 102 
in order to produce an output on line 120 which 
activates the relay. 

The circuit 118 includes a 74164 eight bit shift 
register 122 having eight output lines Qo-Qz. The 
circuit further includes four exclusive OR gates 
124, 126, 128 and 130 connected to pairs of out- 
puts from the shift register 122. The outputs of the 
exclusive OR gates are gated in a four input AND 
gate 132, the output of which is in turn connected 
to one input of a three input high current AND gate 
134. The circuit further includes a four input NAND 
gate 136 connected to the first four outputs of the 
register 122 and a second NAND gate 138 con- 
nected to the second four outputs of the register 
122. The outputs from the NAND gates 136 and 
138 are connected to the remaining two inputs of 
the AND gate 134. The configuration of the gates 
connected to the outputs Q0-Q7 of the register 122 
is such that only selected eight bit signals on the 
line 102 will cause a signal to appear on the output 
120 for activating the relay. The signal must be 
such that the first four bits are exactly the com- 
plement of the second four bits and further the first 
four bits cannot be all 1's or all O's. The latter 
requirements are important in practice because it 
prevents erroneous operation of the circuit 118 in 
the event that a circuit fault causing a high level or 
short circuit to be applied to the line 102. The 
circuit 106 illustrated above is given by way of 
example only and it would be apparent that many 
alternative circuits could be used. If at any time a 
signal is received on line 102 which is not an ARM 
signal the output line 120 will go low and deactivate 
the relay 110. The controller 14 may generate 
RESET signals for this purpose. In any event the 
logic circuitry 118 will cause the output 120 to go 
low if any signal other than an ARM signal is 
received. The following are examples of valid ARM 
signals 

00011110 
10000111 
01001011. 

Further, the circuit 106 could be integrated if re- 
quired, except for the relay. 

Figure 7 illustrates an alternative circuit 140 for 
the detonator unit 22. The inputs from the bus 82 



to the connector 1 08 are the same as for the circuit 
106 and the logic circuitry 118 is also the same as 
for the circuit 106. An alternative arrangement is 
however employed to ensure that the lines 94 and 

5 96 are not electrically connected to the fusible 
element 62 until just prior to actuation on receipt of 
a correctly coded signal to the logic circuitry 118. 
In this arrangement, the circuit includes two solid 
state relays 142 and 144. The relays have elec- 

10 trodes 146 and 148 which are permanently con- 
nected to ground. The relays include electrodes 
150 and 152 which are connected to the insulated 
portions of the conductors 56 and 58 leading to the 
fusible element 62. The relays are such that the 

75 electrodes 146 and 150 and the electrodes 148 and 
152 are internally connected so that both conduc- 
tors 56 and 58 are grounded and connected to the 
housing 44. The relays include electrodes 154 and 
156 which are connected to the lines 94 and 96 via 

20 conductors 113 and 115. When the relays receive 
triggering signals on trigger electrodes 156 and 
160 the internal connections change so that the 
electrodes 1 50 and 1 54 and the electrodes 1 52 and 
156 are internally connected. In this case the con- 

25 ductors 56 and 58 are no longer grounded and are 
electrically connected to the lines 94 and 96 in 
readiness for activation of the fusible element 62. 
Triggering of the relays depends upon the output 
line 120 from the logic circuitry 118 as will 

30 hereinafter be explained. 

The output line 120 from the circuitry 118 is 
connected to the input of an amplifier 162 which is 
connected to the junction 164 of three fusible links 
166, 168 and 170 via a resistance 172. The circuit 

35 includes an AND gate 174 one input of which is 
connected to the output line 120 and the other 
input of which is connected to the junction 164. 
Output from the gate 174 is connected to the 
trigger terminals 158 and 160 of the relays. The 

40 arrangement is such that during normal operation 
both inputs to the gate 174 are low so that the 
relays are not triggered. When however a correctly 
coded signal is present on the line 102, the output 
line 120 of the circuitry 118 will go high to a 

45 sufficient extent whereby the fusible links 164, 166 
and 168 will rupture. When all links have been 
ruptured the junction 164 will be high and hence 
the gates 174 will go high and the relays will be 
triggered. This couples the conductors 56 and 58 

50 to the lines 94, 96 in readiness for actuation. It will 
be appreciated that until the logic circuitry 118 
detects a correctly coded signal, the fusible ele- 
ment 62 is protected by the fusible links 166, 168 
and 170. The arrangement prevents inadvertent 

55 charges or currents being developed in the con- 
ductors 56 and 56 due to stray electromagnetic or 
electrostatic fields. 

The detonator actuator 24 illustrated in Figures 
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3 and 4 includes a tubular housing 176 preferably 
fornned from aluminium. The unit includes partitions 
178 and 180 which define a charter 190 in which a 
circuit board 192 for electric and/or electronic com- 
ponents are mounted. The board 192 is supported 
by tabs 194 and 196 pressed from the partitions. 
The bus 82 extends through the chamber 190 and 
is connected at either end to connectors 198 and 
200. One end of the housing 176 is formed with a 
keyed reduced diameter spigot portion 202 which 
in use is received in the free end of the housing 44 
of the detonator unit 22. The arrangement is such 
that when the spigot portion 202 is interlocked with 
the housing 44 the connectors 198 and 108 estab- 
lish appropriate connections for the various lines of 
the bus 82. The actuator unit 24 may include an 
LED 204 which can be mounted so as to be visible 
when illuminated from the exterior of the actuator 
unit 24. 

The actuator unit 24 performs a variety of 
functions in the detonator assembly 6. Generally 
speaking, it ensures that the detonator unit 22 is 
actuated only in response to correctly received 
signals from the controller 14 and at an exactly 
defined instant of time. Other functions of the ac- 
tuator unit 24 are to ensure correct operation of the 
other units in the assembly on interconnection of 
the various units and to control the operation of the 
transducer unit 26. 

Figure 8 shows in schematic form one arrange- 
ment for the circuitry 206 mounted on the board 
192 in the actuator unit 24. The circuitry 206 gen- 
erally speaking includes a microcomputer with 
memory to store programmes and data for correct 
operation of the unit 24 as well as the other units of 
the assembly. The data includes data relative to 
the precise delay required for actuation of the 
detonator unit 22 following generation of a blast 
commence signal (or BOOM command) from the 
controller 14. Further, the stored programme pro- 
vides for calibration of a crystal clock in the cir- 
cuitry 206 by the controller 14 just prior to opera- 
tion. This ensures a high level of accuracy of all 
the time based functions of the assembly 6 which 
is therefore not dependent upon accurately se- 
lected components in the circuit 206. Further the 
accuracy would not be influenced by temperatures 
and pressures in the blast holes 4 at a blasting site. 

The circuit 206 includes an 8085 CPU 208, an 
8155 input/output unit 210, a 2716 EPROM 212, a 
74123 monostable retriggerable multivibrator 214 
and a 74377 eight bit latch 216. The components 
are connected together as indicated in the connec- 
tion table (Figure 9) so as to function as a micro- 
computer, as known in the art. 

Figure 10 shows schematically a flow chart of 
some of the programme functions which are car- 
ried out by the microcomputer 206. When power is 



supplied to the circuit by connection of the battery 
unit 38 in the detonator assembly 6 a power supply 
voltage and ground are established on the lines 84 
and 86. The multivibrator circuit 214 ensures that 

5 the CPU 208 is reset on power up. The first pro- 
gramming function performed by the microcom- 
puter is to ensure that the detonator units 22 are 
made safe. This is accomplished by sending eight 
consecutive zeros from pin 32 of the input/output 

10 device 210, the pin 32 being connected to the line 
102. This ensures that the register 122 in the 
detonator 22 is initialised to zero and accordingly 
the unit 22 cannot be activated because of the 
arrangement of the logic circuitry 118. This step is 

75 indicated by the functional block 218 in Figure 10. 

After initialisation, the microcomputer waits for 
a command from the controller 14 as indicated by 
programming step 220. Commands from the con- 
troller 14 are received by the connector unit 42 and 

20 are then transmitted on the line 88 of the bus 82. 
The command signals on line 88 preferably com- 
prises eight bit codes in which different bit patterns 
represent different commands. Typical command 
signals would be for (a) a request for information 

25 from the transducer unit 26, (b) a CALIBRATE 
command to commence calibration procedures, (c) 
a BLAST code for arming the detonator units 22, 
(d) a BOOM command for exploding the units 22, 
or a RESET command for resetting the units 22. 

30 Accordingly, Figure 10 shows a question box 222 
which determines whether the signal on the line 88 
is a request for information from the transducer unit 
26. If the signal is the appropriate signal the pro- 
gramme will then enter a sub-routine indicated by 

35 programme step 224 to execute the transducer 
interrogation and transmission programme. A flow 
chart for this programme is shown in Figure 14. 
After execution of the transducer programme, the 
main programme returns to the question box 222. 

40 The signal on the line 88 will then no longer be a 
request for information from the transducer. The 
programme will then pass to the next question box 
226 which determines whether a signal is on the 
line 88 is a CALIBRATE command appropriate for 

45 commencement of calibration procedures. This is 
indicated in the flow chart by question box 226. If 
the signal is not a CALIBRATE command, the 
programme returns and waits for an appropriate 
command. Receipt of an incorrect command at any 

50 time returns the programme to the start. 

When the controller 14 transmits a CALIBRATE 
command, this will be recognized by the pro- 
gramme which then commences calibration of tim- 
ing of pulses derived from the crystal clock 228 

55 connected to pins 1 and 2 of the CPU 208, as 
indicated by step 230 in Figure 10. The pro- 
gramme then waits for a further signal on line 88 to 
stop counting of the pulses and to record the 
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number of pulses counted. This is indicated by 
step 232 in Figure 10. These programming steps 
enable the clock rate of the CPU 208 to be ac- 
curately correlated to the signals generated by the 
controller 14 and transmitted on the line 88 so that 
the actuator unit 24 can be very accurately cali- 
brated relative to the controller 14. The controller 
14 can be arranged to have a precisely defined 
time base so that it therefore is able to accurately 
calibrate a multiplicity of actuators 24 which do not 
have accurately selected components and would 
therefore not necessarily have a very accurately 
known time base. 

Moreover, the calibration procedures can be 
carried out just prior to despatch of signals to 
activate the detonator units so as to minimize the 
possibility of errors owing to changing conditions of 
temperature and pressure or the like. 

In the preferred arrangement, the signal on the 
line 88 to stop the timer is in fact another BLAST 
code generated by the controller 14, the BLAST 
code being selected so as to be identifiable with 
the particular blast e.g. user identity, date, sequen- 
tial blast number, etc. The question box 234 in 
Figure 10 indicates the required programming step. 
If the next signal received on the line 88 is not a 
correct BLAST code, the programme returns to the 
start so that recalibration will be required before the 
detonator unit 22 can be armed. 

If on the other hand the BLAST code is correct 
the programme then calculates the exact delay 
required by the actuator 24 prior to generating 
signals for explosively activating the detonator unit 
22. This is indicated by the programming step 236 
in Figure 10. For instance, the actuator unit 24 may 
be required to actuate the detonator unit 22 pre- 
cisely 10 ms after a precise predetermined delay 
from commencement of the blasting sequence 
which is initiated by generation of a BOOM com- 
mand by the controller 14. The information regard- 
ing the particular delay is stored in the EPROM 
212 and the programme is then able to calculate 
the exact number of clock cycles for the microcom- 
puter 206 required to give the precise delay. The 
calibration information has in the meantime been 
stored in RAM within the input/output device 210. 

Following this step, the actuator unit 24 may 
signal to the controller 14 that it is functioning 
correctly and that appropriate signals have been 
received. Signals for transmission back to the con- 
troller 14 are carried by line 90 which is coupled to 
pin 4 of the CPU 208. This is indicated by step 238 
in Figure 10. The arming of the detonator unit 22 is 
indicated by step 240 in which an ARM signal is 
generated on pins 31 and 32 of input/output unit 
210. The programme then is arranged to set a 
predetermined period say 5 seconds in which it 
must receive a BOOM command signal on the line 



88 from the controller 1 4 for activation of the deto- 
nator unit 22. If the BOOM command signal is not 
received within the 5 second period, the pro- 
gramme returns to the start so that recalibration 

5 procedures etc. will be required in order to again 
be in readiness for actuation of the detonator unit 
22. These programming steps are denoted 242, 
244 and 246 in Figure 10. The BOOM command 
signal on line 86 must be a correct eight bit pattern 

10 of signals otherwise the programme will again re- 
turn to the start, as indicated by the question box 
248. If the BOOM command is correct, the required 
delay is retrieved from the RAM in the input/output 
unit 210 and the delay is waited, as indicated by 

75 programming steps 250 and 252. At the end of the 
delay period, a signal is passed to the input/output 
unit 210 the output pins 29 and 30 of which go 
high. These output pins are connected by current 
drivers 254 and 256 to the lines 96 and 94 and the 

20 current drivers supply a fusehead actuating current, 
say 1 .5 amps, required to fuse the element 62 and 
ignite the flashing charge 64 and thus actuate the 
detonator unit 22. This is indicated by the program- 
ming step 258. Actuation of the detonator unit 22 of 

25 course destroys the detonator assembly 6 so that 
the controller 14 will be aware of successful opera- 
tion of the detonator assembly by its silence. If 
however there has been a malfunction, the pro- 
gramme includes a question box 260 which deter- 

30 mines whether the CPU is still functioning and if so 
this information is communicated to line 90 for 
transmission to the controller 14. The programme 
then returns to the start whereupon the detonator 
unit is again made safe, this being indicated by 

35 programming steps 260 and 262. 

Figure 1 1 illustrates alternative circuitry for the 
actuator unit 24. In this arrangement, the power 
supply lines 84 and 86 are used for communication 
from the controller 14 to the detonator assembly 6. 

40 The same lines may be utilised for communications 
in the reverse direction if a transducer unit 26 is 
utilised. Alternatively the line 90 may be used for 
that purpose if required as shown in Figure 1 1 . The 
circuit of Figure 11 essentially comprises a micro- 

45 computer 490 comprising and 8085 CPU 492, a 
2716 EPROM 494, an 8155 input/output unit 496, a 
74123 triggerable monostable multivibrator 498 and 
a 74377 eight bit latch 500. These components are 
connected together as indicated in the connection 

50 table (Figure 12) so as to function as a microcom- 
puter as is known in the art. The principle function 
of the microcomputer 490 is to carry out the pro- 
gramming steps indicated diagramatically in Figure 
10 as well as Figure 14 where a transducer unit 26 

55 is employed. 

Power supply for the detonator assembly 6 is 
derived from the voltage applied to the line 84 by 
the controller 14 via the conductors 10 and wires 
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20 of Figure 2. The voltage is stored in a storage 
capacitor 504. The diode 502 ensures the capacitor 
504 cannot discharge itself back along the path to 
pin 5 of the CPU 492, or to the controller 14 along 
conductors 10 and 20. The normal level applied to 
the line 84 is selected to be 2.4 volts which is 
sufficient to charge the capacitor 504 and nnaintain 
the CPU 492 but insufficient to generate a re- 
sponse on the input pin 5 of the CPU 492 which is 
connected to the line 84. When signals are re- 
quired to be transnnitted to the assembly 6 from 
the controller, the controller is arranged to send a 
pulsed waveform the peak voltages of which are 
say 5 volts which is above the threshold level for a 
positive input to the pin 5 of the CPU 492. By this 
means, various coded signals can be sent from the 
controller 14 to the assemblies. The output pin 4 
could be used to apply voltages to the line 84 for 
communication from the assembly 6 to the control- 
ler, provided the time sequencing were correctly 
arranged. Alternately, the output pin 4 could be 
connected to the return communication line 90 of 
the bus. 

Returning now to Figures 3 and 4, the trans- 
ducer unit 26 comprises a tubular housing 264 
preferably of aluminium and formed with a spigot 
portion 266 which interlocks with the open end of 
the housing 176 of the actuator unit 24. The shape 
is such that it cannot mate with the unit 22. The 
housing has partitions 268 and 270 which define a 
chamber In which a circuit board 272 for electronic 
and/or electrical components is located. The parti- 
tions 268 and 270 can be used to support the 
board 272 as well as supporting electrical connec- 
tors 273 and 274 for the bus 82. The housing 264 
has an opening to permit access to a transducer 
element 276 which is sensitive to surrounding tem- 
perature, pressure, humidity or other parameters as 
required. For temperature sensing the element 276 
could be bonded to the inner surface of the hous- 
ing 264. The transducer unit 26 may have several 
transducer elements and so be responsive to a 
number of different parameters. When the spigot 
portion 266 Is interlocked with the end of the ac- 
tuator unit 24, the connector 273 mates with the 
connector 200 so that the bus 82 extends through 
the respective units. In Its simplest configuration, 
the board 272 would simply carry any circuitry 
which might be necessary for correct operation of 
the transducer element 276 and for coding of its 
output for application to lines 98 and 100 of the 
bus 82. 

Figure 13 shows an example of one such cir- 
cuit. In this arrangement the output 278 of the 
transducer element 276 Is connected to the Input 
of a voltage to frequency converter 280 which may 
comprise an LM 331 circuit. The resistors and 
capacitors connected to the converter 280 are well 



known and need not be described in detail. Output 
from pin 3 of the converter 280 is connected to the 
line 98 of the bus, the line 100 being ground. The 
frequency of the signal on the line 98 will be 

5 proportional to the output of the transducer element 
276 and thus be proportional to the temperature 
pressure humidity etc. to which the element 276 is 
exposed. The signal on the line 98 is applied to the 
CPU 208 for conversion to digital form and output- 

10 ted on pin 4 which is coupled to line 90 of the bus 
for transmission to the controller 14. 

Figure 14 shows schematically a flow chart for 
processing by the microcomputer 206 of the vari- 
able frequency output signals of the transducer unit 

75 26. The flow chart of Figure 14 is an example of 
the programme denoted by 224 in Figure 10. The 
first step in the programme Is to clear a timer, as 
indicated by programme step 282. The timer may 
be located in the input/output unit 210. The pro- 

20 gramme then waits for the rising edge of the first 
received pulse on the line 98, as indicated by step 
284. The programme then starts the timer and 
waits for a falling edge of the same pulse, as 
indicated by steps 286 and 288. The timer is then 

25 stopped and its value is Indexed Into a conversion 
table stored in the EPROM 212, as indicated by 
steps 290 and 292. The programme then looks up 
the value of the parameter such as temperature, 
pressure, etc. and sends an appropriately encoded 

30 signal to the controller 14 via line 90, as indicated 
by steps 294 and 296. The programme then re- 
turns to the main control programme of the ac- 
tuator unit 24, as indicated in Figure 10. 

In circumstances where communication from 

35 the detonator assemblies 6 to the controller 14 is 
not required, the connector unit 42 need only be 
capable of receiving signals from the controller 14 
and does not need to transmit signals thereto. 
Thus, the unit 42 need only include a radio receiver 

40 for use with radio controlled arrangements as in 
Figure 1 , or line connectors for use in wire systems 
as shown In Figure 2. 

Returning once again to Figures 3 and 4, the 
battery unit 38 comprises a tubular housing 298 

45 with a spigot portion 300 which is interlockable with 
the open end of the housing 264 of the transducer 
unit 26. The spigot 300 Is also shaped so that it 
can be plugged directly into the housing 176 of the 
actuator unit 24 in instances where the transducer 

50 26 is not required. The shape of the spigot 300 is 
such that it cannot be inserted into the open end of 
the housing 44 of the detonator unit 22. The unit 38 
includes partitions 302 and 304 which define a 
chamber within which a battery 306 is mounted. 

55 The battery provides the power supply on lines 84 
and 86 of the bus for the other units in the assem- 
bly. In some arrangements, the battery unit 38 may 
be omitted by arranging for one or more of the 
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other units such as the actuator 24 to have an 
inbuilt battery or to be provided with energy stor- 
age means such as a capacitor for powering the 
units or to have power supplied by the controller 14 
itself, as on lines 86 and 84 via the lines 20. The 
battery unit 38 has connectors 308 and 310 to 
provide interconnections of the bus 82 through the 
unit. 

Figures 3 and 4 also show the expander unit 
40 in more detail. The expander unit comprises a 
tubular housing 312 formed with a spigot 314 
which can be inserted into the housings of the units 
38, 26 and 24 as required. The housing has parti- 
tions 316 and 318 which define a chamber in which 
a terminal block 320 is mounted. The partitions 
also support connectors 322 and 324 for the bus 
82. Extending from the terminal block 320 through 
an opening in the housing 312 are lines 326 which 
can be used to connect a number of detonator 
assemblies in parallel. Figures 3 and 4 also illus- 
trate the connector unit 42. The unit 42 comprises 
a tubular housing 328 with a closed end wall 330. 
The housing has a partition 332 which defines a 
chamber within which a circuit board 334 is moun- 
ted. The partition 332 also supports a connector 
336. The housing 328 is formed with a spigot 
portion 338 which is insertable in any one of the 
units 40, 38, 26 and 24 and the arrangement is 
such that the connector 336 mates with the com- 
plementary connector of the unit to which it is 
connected. The unit 42 is not however directly 
insertable in the detonator unit 22. 

The circuit board 334 in the unit 42 may com- 
prise a connection block which connects the wires 
20 from the controller 14 to the assemblies 6, as in 
the arrangement shown in Figure 2. This is the 
simplest arrangement for the unit 42. 

In another alternative arrangement for the unit 
42, the board 334 may include an electronic clock 
and signal generator to enable activation of the 
actuator unit 24 independently of the controller 14. 
In this arrangement (not shown) the clock would 
control a signal generator which would generate 
signals for actuator unit 24 via the line 88 which 
signals would normally be generated by the con- 
troller 14. 

In a further alternative arrangement, the unit 42 
may include the radio transceiver 12 which re- 
ceives signals radiated by the transmitter 15 or the 
safety unit 16, as in the arrangement of Figure 1. In 
this instance, the lines 340 which comprise the 
input to the circuitry on the board 334 would com- 
prise or be connected to an antenna for receipt of 
radio signals. 

Figure 15 illustrates in more detail part of the 
circuitry for the controller 14. The circuitry essen- 
tially comprises a microcomputer 342 comprising 
an 8055 CPU 344, a 2716 EPROM 346, an 8155 



input/output device 348, a 74123 monostable trig- 
gerable multivibrator 352 and a 74377 eightbit latch 
350. These components are connected together as 
indicated by the connection table (Figure 16) and 

5 so that they function as a microcomputer as is 
known in the art. The principal function of the 
microcomputer 342 is to generate control signals 
which are used to control the detonator assemblies 
6. The microcomputer also interprets information 

10 sent to the controller 14 by the various detonator 
assemblies 6, input and output to the CPU 344 is 
via pins 5 and 4 respectively. The circuitry includes 
a keyboard unit 354, the keyboard having control 
switches SI , S2, S3 and S4 which are operated in 

75 order to perform various steps required for activa- 
tion of the detonator assemblies 6. The microcom- 
puter includes three LED devices 356, 358 and 360 
which provide a visual indication as to which sig- 
nals have been despatched by the computer 342 to 

20 the detonator assemblies 6. The programmes for 
the microcomputer 342 are stored in the EPROM 
346. 

Figure 17 is a flowchart illustrating the impor- 
tant programming steps which are carried out by 

25 the computer 342. On power up, the multivibrator 
352 ensures that the CPU 344 is correctly in- 
itialised and the programme waits for one of the 
control keys 81 to S4 to be actuated, as indicated 
by step 362. The programme then has four ques- 

30 tion boxes 364, 366, 368 and 370 which determine 
which if any of the switches 81 - 84 have been 
pressed. The switches can be arranged to generate 
signals within the CPU 344 corresponding to dif- 
ferent COMMAND signals to be transmitted to the 

35 assemblies 6. For instance, the switch 81 can be 
made to represent selection of a first BLAST code 
in which case the CPU 344 generates the appro- 
priate BLAST code. The programme then arranges 
for the BLAST code to be sent to the detonator 

40 assemblies 6, as indicated by programme step 
372. It follows that those detonators which have the 
first BLAST code will be armed in readiness for 
operation. After that signal is sent, the programme 
returns to the start. The switch 82 may represent a 

45 second BLAST code which will cause a different 
BLAST code to be generated by the CPU 344 and 
sent to the detonator assemblies 6, as indicated by 
step 374. Those assemblies which have actuator 
units 24 programmed to respond to the second 

50 BLAST code will thereby be armed. 

The switch S3 if pressed causes the CPU 344 
to generate a signal causing the armed actuator 
units 24 to actuate the detonator units 22 con- 
nected thereto. These signals comprise the BOOM 

55 command and are distinguished by the question 
box 248 in Figure 10. The despatch of a BOOM 
command is indicated by programme step 376 in 
Figure 17. 
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The switch S4 represents a reset switch which 
can be activated by an operator at any stage 
during the programme and if pressed a RESET 
command will be generated by the CPU 344, as 
indicated by step 378. Receipt of a RESET com- 
mand by the actuator units 24 causes them to 
return to the start of their operating programme, as 
indicated in Figure 10. The reset signal need not 
be a specially encoded signal, the actuator units 24 
being programmed to automatically reset if any 
signals other than known sequence of predeter- 
mined commands are received. Resetting the ac- 
tuators 24 will consequently make the detonator 
units 22 safe so that they cannot be inadvertently 
exploded. Of course, a detonator unit 22 with fus- 
ible links as shown in Figure 7 cannot reconnect 
the fusehead conductors 56 and 58 via the fusible 
links, but will remain safe while power is available 
to maintain the solid state relays 142 and 144 on. 

The controller programme has a question box 
380 which is responsive to a manual or programme 
generated input to commence calibration proce- 
dures. The arrangement shown in Figure 17 shows 
a step 382 for generation and transmission of a 
CALIBRATE command to start calibration. This 
command is the input to box 226 in Figure 10. The 
programme then waits for a predetermined period 
say one second which is accurately known be- 
cause care is taken to ensure that the crystal 
oscillator 386 and associated components connect- 
ed to pins 1 and 2 of the CPU 344 are accurately 
selected whereby the timing of the CPU 344 is 
accurately known. At the end of the predetermined 
period, an END calibrate command is generated as 
indicated by the step 388. This may be effected by 
generation of a valid BLAST code. Many variations 
and enhancements would of course be available in 
the software for the microcomputer 342. 

Figure 18 shows a detonator assembly 434 
comprising a detonator unit 22, actuator unit 24 
and connector unit 42. In this arrangement the 
connector unit 42 is arranged for connection to the 
controller 14 by the conductors 10 and wires 20, as 
in Figure 2. The detonator assembly 434 receives 
power directly from the controller 14 and to be 
actuated at a predetermined interval after voltage 
has been disconnected from the wires 20. In a 
blast using these assemblies, it would not matter if 
the wire 20 or conductors 10 were broken by 
actuation of assemblies which have been actuated 
earlier since the assemblies have their own power 
supplies and will be actuated at a predetermined 
period after the voltage has been disconnected 
regardless of whether the conductors 10 or wires 
20 remain intact. 

Figure 19 illustrates in more detail the circuitry 
for the actuator unit 24 of assembly 434. The 
circuitry essentially comprises a microcomputer 



436 comprising an 8055 CPU 438, a 2176 EPROM 
440, an 8155 input/output device 442, a 74123 
triggerable multivibrator 444, and a 74377 eight bit 
latch 446. These components are connected to- 

5 gether as indicated by the connection table (Figure 
20) so that they function as a microcomputer as is 
known in the art. The principle function of the 
microcomputer 436 is to generate control signals 
which are used to control the detonator assembly 

10 434. In this arrangement, the power supply line 84 
and ground line 86 are connected to the conduc- 
tors 10 so as to establish direct connection to the 
controller 14. The voltage on the power supply line 
84 charges a storage capacitor 450. The diode 448 

75 ensures that the "power sense" line 5 can detect 
the discontinuation of power from the controller 14 
on line 84 even while the capacitor 450 maintains 
the actuator 24 on. The capacitor 450 is chosen so 
that it will have sufficient charge to power the 

20 circuitry for the microcomputer 436 after the volt- 
age supply level has been removed from supply 
line 84. As soon as the multivibrator 444 operates 
after power on, it will properly initialise the CPU 
438. The input pin 5 of the CPU is connected to 

25 the line 84 so as to indicate a "power up". After 
power up, the microprocessor 436 will operate to 
generate an ARM command which is communi- 
cated via pins 31 and 32 of the unit 442 to the 
detonator unit 22. The CPU 438 will then wait until 

30 the voltage falls to zero or below a predetermined 
level on line 84, and, after a predetermined period, 
the fusehead actuating current will be generated to 
initiate the flashing charge 64 via pins 29 and 30. 
Figure 21 is a flowchart illustrating the impor- 

35 tant programming steps which are carried out by 
the microcomputer 436. The programme starts on 
power up and then immediately generates an ARM 
command, as indicated by step 452, for the deto- 
nator unit 22. The ARM command will then wait for 

40 a predetermined period say 0.25 seconds before 
taking any other action. This prevents premature 
operation of the system as the result of transients 
or the like which might occur shortly after power 
up, and allows time for mechanical relays in the 

45 detonator unit 22 to switch. This step is indicated 
by programming step 454. The programme then 
waits for the voltage to fall on line 84, as indicated 
by step 456. When the voltage on line 84 falls to 
zero or below a pre-determined level the CPU will 

50 then wait a pre-determined delay so that the deto- 
nator assembly 434 will be actuated in the correct 
sequence relative to other assemblies. This is in- 
dicated by programming steps 458 and 460 repre- 
senting retrieval of the delay period from the EP- 

55 ROM 440 and thereafter waiting the delay period. 
At the end of the delay period, the programme then 
causes generation of the fusehead actuating cur- 
rent for actuation of the detonator unit 22, as in- 
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dicated by step 462. The programme then passes 
to a question box 464 which ascertains whether the 
programme is still operating indicating whether the 
detonator unit 22 has been successfully actuated or 
not. If it has not, it will return to the step 452. 

Figure 22 shows an alternative circuit for use in 
the actuator unit 24 of the assembly 436, shown in 
Figure 19. In this arrangement the detonator as- 
sembly 434 is arranged to be actuated a predeter- 
mined period after power has been applied thereto 
via the conductors 10 and wires 20 of the arrange- 
ment shown in Figure 2. The circuit of Figure 22 
essentially comprises a microcomputer 466 com- 
prising an 8085 CPU 468, a 2176 EPROM 470, and 
8155 input/output unit 472, a 74123 monostable 
triggerable multivibrator 474, and a 74377 eight bit 
latch 476. These components are connected to- 
gether as indicated by the connection table (Figure 
23) so that they function as a microprocessor as is 
known in the art. The microcomputer has pro- 
grammes stored in its EPROM 470 for carrying out 
primarily the programme shown diagramatically in 
the flowchart of Figure 24. 

On the application of a voltage above a pre- 
determined level, e.g. 2.4 volts, on the supply line 
84, the multivibrator 474 will reset the CPU 468 
and various circuit and programming functions are 
properly initialised. The CPU 468 will then start 
running and its first function will be to generate an 
ARM command on pins 31 and 32 of the unit 472 
for the detonator unit 22. This is indicated by the 
programming step 478 of Figure 24. The pro- 
gramme then waits a fixed delay period as in- 
dicated by step 480. The fixed delay period say 
0.25 seconds, is provided so as to prevent inadver- 
tent operation caused by transients or the like 
which might occur shortly after power up, and allow 
time for relays to switch. All of the detonator as- 
semblies for a particular blast would have the same 
fixed delay period. The programme then reads a 
pre-selected delay from the EPROM 470, as in- 
dicated by programme step 482. The pre-selected 
delay can be different for particular actuator units 
24 so that a predetermined blast sequence can be 
established. The programme then waits for the 
preselected delay period, as indicated by pro- 
gramme step 482 then causes generation of the 
fusehead actuating current via pins 29 and 39 of 
the unit 472 as indicated by step 486. The BOOM 
command appears on pins 29 and 30 of the unit 
472. The BOOM command causes the detonator 
unit 22 to explode. 

If the unit 22 fails to explode, the programme 
will pass to question box 486 which will return the 
programme to the start if the microcomputer 466 
has remained in tact. 

Many modifications will be apparent to those 
skilled in the art. For instance, integration tech- 



niques could be used to integrate circuits which are 
shown in non-integrated form. 

INDUSTRIAL APPLICABILITY 

5 

The blasting system according to my invention 
is useful in commercial blasting. The system offers 
higher degrees of versatility, safety and security 
than are attainable by systems currently known to 
10 and used by the art. The components of the blast- 
ing system can be easily manufactured using 
equipment and techniques known to the explosives 
and electronics industries, and their use in the field 
is straightforward. 

75 

Claims 

1. A detonator actuating system comprising: 

(a) an actuator (24) having control circuitry 
20 (106, 118) which is responsive to coded 

digital input signals from a control device 
(14) applied to inputs thereof, said control 
circuitry being operable, on receipt of at 
least one predetermined input signal, to (i) 

25 generate an output arm signal which is ap- 

plied in use to the detonator to render said 
detonator capable of being actuated and (ii) 
after the generation of said output arm sig- 
nal to generate an output actuate signal 

30 which is applied to the detonator after a 

predetermined time delay initiated by said 
predetermined input signals to cause explo- 
sive actuation of the detonator; and 

(b) a control device (14) for controlling by 
35 means of coded digital signals to the ac- 
tuator the operation of the detonator, the 
said control device (14) comprising a micro- 
computer (342) having a memory which 
stores at least an arm code and an actuate 

40 code, and wherein the microcomputer has 

an arm key (SI, S2) which upon actuation 
by a user causes generation and emission 
to the actuator of an arm signal derived 
from the arm code, and an actuate key (S3) 

45 which upon actuation by a user causes gen- 

eration and emission of an actuate signal 
derived from the actuate code, the micro- 
computer being such that the actuate key 
must be actuated within a predetermined 

50 period after actuation of the arm key other- 

wise the actuate signal is not transmitted to 
the actuator. 

2. A detonator actuating system according to 
55 claim 1, characterized in that the memory of 

the control device microcomputer (342) holds a 
reset code and, on failure to actuate the ac- 
tuate key within the predetermined period of 
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the actuation of the arm key, generates an 
output reset signal, rendering the detonators 
incapable of being explosively actuated until a 
predeternnined sequence of output arm and 
actuate signals is received. 5 

A detonator actuating system according to 
claim 1 or claim 2, characterized in that the 
actuator is responsive to calibrate signals and 
the microcomputer of the control device is io 
arranged to generate an output calibrate signal 
in response to actuation of a calibrate key or a 
programmed instruction whereupon timing 
means (210) in the control circuitry of the 
actuator is actuated for a period terminated by is 
a control signal from the control device (14), 
the output of the timing means being stored in 
the control circuitry of the actuator whereby a 
delay period stored therein can be calibrated 
on a time basis relative to the control device. 20 

A detonator actuating system according to 
claim 3, characterised in that there is present 
in the system a transducer unit (26), which is 
couplable to the actuator (24) such that all the 25 
appropriate electrical connections are made by 
the coupling, the transducer being responsive 
to at least one preselected physical parameter 
and being able to generate condition signals 
related to said parameter so as to permit vari- 30 
ation of the calibration of the actuator, the 
variation being communicated to the control 
device. 

An actuator for a detonator of a system ac- 35 
cording to any of claims 1-4 comprising 

control circuitry (106, 118) which is responsive 
to digital input signals from a control device 
(14) applied to inputs thereof, said control cir- 
cuitry being operable, on receipt of at least 40 
one predetermined input signal, to (i) generate 
an output arm signal which is applied in use to 
the detonator to render said detonator capable 
of being actuated and (ii) after the generation 
of said output arm signal, to generate an out- 45 
put actuate signal which is applied to the deto- 
nator after a predetermined time delay initiated 
by said predetermined input signals to cause 
explosive actuation of the detonator. 

50 

An actuator according to claim 5, characterized 
in that the circuitry of the actuator comprises a 
microcomputer (206, 436) with a memory 
which stores at least both an arm code and an 
actuate code, the microcomputer analysing in- 55 
put signals and causing to be generated to the 
detonator corresponding output arm and ac- 
tuate signals when it receives a predetermined 



signal or predetermined signals. 

7. An actuator according to claim 5 or claim 6, 
characterized in that the length of the delay is 
programmable when the detonator is in place 
in the blasthole via the means (14, 10, 20) 
used to transmit signals to the actuator. 

8. An actuator according to claim 6, characterized 
in that the microcomputer (206, 436), on re- 
ceipt of a predetermined signal, generates, by 
reference to the stored arm and actuate codes 
and a predetermined delay, an output arm 
signal followed after the predetermined delay 
by an output actuate signal. 

9. A control device of a system according to any 
of claims 1 - 4 the control device (14) having a 
microcomputer (342) comprising a memory 
which stores at least an arm code and an 
actuate code, and wherein the microcomputer 
has an arm key (SI , S2) which upon actuation 
by a user causes generation and emission to 
the actuator of an arm signal derived from the 
arm code, and an actuate key (S3) which upon 
actuation by a user causes generation and 
emission of an actuate signal derived from the 
actuate code, the microcomputer being such 
that the actuate key must be actuated within a 
predetermined period after actuation of the 
arm key otherwise the actuate signal is not 
transmitted to said actuator. 

10. A control device according to claim 9, char- 
acterized in that the memory of the microcom- 
puter holds a reset code, and, on failure to 
actuate the actuate key (S3) within the pre- 
determined period of the actuation of the arm 
key, generates an output reset signal, render- 
ing the detonators incapable of being explo- 
sively actuated until a predetermined sequence 
of output arm and actuate signals is received. 

Revendlcatlons 

1. Systeme d'actionnement de detonateur com- 
portant : 

(a) un actionneur (24) ayant un circuit de 
commando (106, 118) qui est sensible a 
des signaux numeriques codes d'entree 
provenant d'un dispositif de commando (14) 
et appliques a ses entrees, ledit circuit de 
commando pouvant etre mis en oeuvre, a la 
reception d'au moins un signal d'entree pre- 
determine, pour (i) generer un signal d'ar- 
mement de sortie qui est applique lors de 
Tutilisation au detonateur afin de rendre le- 
dit detonateur capable d'etre actionne, et 
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(ii) apres la generation dudit signal d'arme- 
ment de sortie, pour generer un signal d'ac- 
tionnement de sortie qui est applique au 
detonateur apres une tennporisation prede- 
terminee declenchee par lesdits signaux 5 
d'entree predetermines pour provoquer I'ex- 
plosion du detonateur ; et 
(b) un disposltif de connnnande (14) destine 
a connnnander au nnoyen de signaux nunne- 
riques codes appliques a Tactionneur, la io 
nnise en oeuvre du detonateur, ledit disposi- 
tif de connnnande (14) connportant un nnicro- 
calculateur (342) ayant une memoire qui 
stocke au nnoins un code d'arnnennent et un 
code d'actionnennent, et dans lequel le nni- 75 
crocalculateur comporte une touche d'arnne- 
nnent (S1 , S2) qui, en etant actionnee par un 
utilisateur, provoque la generation et remis- 
sion vers I'actionneur d'un signal d'arme- 
ment derive du code d'armement, et une 20 
touche d'actionnement (S3) qui, en etant 
actionnee par un utilisateur, provoque la ge- 
neration et remission d'un signal d'action- 
nement derive du code d'actionnement, le 
microcalculateur etant tel que la touche 25 
d'actionnement doit etre actionnee dans une 
periode predeterminee apres I'actionnement 
de la touche d'armement car, autrement, le 
signal d'actionnement n'est pas transmis a 
I'actionneur. 30 

2. Systeme d'actionnement de detonateur selon 
la revendication 1, caracterise en ce que la 
memoire du microcalculateur (342) du disposl- 
tif de commando contient un code de restaura- 35 
tion et, lorsque la touche d'actionnement n'est 

pas actionnee dans la periode predeterminee 
de I'actionnement de la touche d'armement, 
genere un signal de restauration de sortie, 
rendant les detonateurs incapables d'etre ac- 40 
tionnes de fagon explosive avant qu'une se- 
quence predeterminee de signaux d'armement 
et d'actionnement de sortie soit regue. 

3. Systeme d'actionnement de detonateur selon 45 
la revendication 1 ou la revendication 2, carac- 
terise en ce que I'actionneur reagit a des si- 
gnaux d'etalonnage et le microcalculateur du 
dispositif de commande est agence de fagon a 
generer un signal d'etalonnage de sortie en so 
reponse a I'actionnement d'une touche d'eta- 
lonnage ou a une instruction programmee, a la 
suite de quoi un moyen (210) de base de 
temps situe dans le circuit de commande de 
I'actionneur est mis en action pendant une 55 
periode que fait cesser un signal de comman- 
de provenant du dispositif (14) de commande, 

le signal de sortie du moyen de base de 



temps etant stocke dans le circuit de comman- 
de de I'actionneur afin qu'une temporisation 
stockee dans celui-ci puisse etre etalonnee sur 
une base de temps par rapport au dispositif de 
commande. 

4. Systeme d'actionnement de detonateur selon 
la revendication 3, caracterise en ce qu'il 
contient une unite a transducteur (26) qui peut 
etre couplee a I'actionneur (24) afin que toutes 
les connexions electriques appropriees soient 
reallsees par le couplage, le transducteur rea- 
gissant a au moins un parametre physique 
prealablement choisi et etant capable de gene- 
rer des signaux de condition lies audit parame- 
tre afin de permettre une variation de I'etalon- 
nage de I'actionneur, la variation etant commu- 
niquee au dispositif de commande. 

5. Actionneur pour un detonateur d'un systeme 
selon I'une quelconque des revendications 1 a 
4, comportant un circuit de commande (106, 
118) qui est sensible a des signaux numeri- 
ques d'entree provenant d'un dispositif de 
commande (14) et appliques a ses entrees, 
ledit circuit de commande pouvant etre mis en 
oeuvre, en recevant au moins un signal d'en- 
tree predetermine, pour (i) generer un signal 
d'armement de sortie qui est applique lors de 
I'utilisation au detonateur afin de rendre ledit 
detonateur capable d'etre actionne, et (ii) apres 
la generation dudit signal d'armement de sor- 
tie, pour generer un signal d'actionnement de 
sortie qui est applique au detonateur apres une 
temporisation predeterminee declenchee par 
lesdits signaux d'entree predetermines pour 
provoquer I'actionnement explosif du detona- 
teur. 

6. Actionneur selon la revendication 5, caracterise 
en ce que le circuit de I'actionneur comporte 
un microcalculateur (206, 436) ayant une me- 
moire qui stocke au moins a la fois un code 
d'armement et un code d'actionnement, le mi- 
crocalculateur analysant les signaux d'entree 
et provoquant la generation pour le detonateur 
de signaux correspondants d'armement et 
d'actionnement de sortie lorsqu'il regoit un si- 
gnal predetermine ou des signaux predetermi- 
nes. 

7. Actionneur selon la revendication 5 ou la re- 
vendication 6, caracterise en ce que la lon- 
gueur de la temporisation est programmable 
lorsque le detonateur est en place dans le trou 
de mine a I'aide des moyens (14, 10, 20) 
utilises pour transmettre des signaux a I'action- 
neur. 
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8. Actlonneur selon la revendlcation 6, caracterise 
en ce que le microcalculateur (206, 436), en 
recevant un signal predetermine, genere, en 
reference aux codes stockes d'armennent et 
d'actionnennent et a une temporisation prede- 
terminee, un signal d'armement de sortie suivi, 
apres la temporisation predeterminee, d'un si- 
gnal d'actionnement de sortie. 

9. DIspositif de commande d'un systeme selon 
Tune quelconque des revendications 1 a 4, le 
dispositif de commande (14) ayant un micro- 
calculateur (342) comportant une memoire qui 
stocke au moins un code d'armement et un 
code d'actionnement, et dans lequel le micro- 
calculateur comporte une touche (SI , S2) d'ar- 
mement qui, en etant actionnee par un utilisa- 
teur, provoque la generation et remission vers 
I'actionneur d'un signal d'armement derive du 
code d'armement, et une touche d'actionne- 
ment (S3) qui, en etant actionnee par un utili- 
sateur, provoque la generation et remission 
d'un signal d'actionnement derive du code 
d'actionnement, le microcalculateur etant te! 
que la touche d'actionnement doit etre action- 
nee dans une periode predeterminee apres 
I'actionnement de la touche d'armement car, 
autrement, le signal d'actionnement n'est pas 
transmis audit actionneur. 

10. Dispositif de commande selon la revendication 

9, caracterise en ce que la memoire du micro- 
calculateur contient un code de restauration et, 
lorsque la touche d'actionnement (S3) n'est 
pas actionnee dans la periode predeterminee 
de Tactionnement de la touche d'armement, 
genere un signal de restauration de sortie, 
rendant le detonateur incapable d'etre actionne 
de fagon explosive avant qu'une sequence 
predeterminee de signaux d'armement et d'ac- 
tionnement de sortie soit regue. 

Patentanspruche 

1. Zunderauslosesystem, das 

(a) eine Auslosevorrichtung (24), die eine 
Steuerschaltung (106, 118) aufweist, die auf 
codierte digitale Eingabesignale aus einem 
Steuergerat (14), die an Eingange der Steu- 
erschaltung angelegt werden, reagiert, wo- 
bei die Steuerschaltung derart betrieben 
werden kann, dafi sie beim Empfang minde- 
stens eines vorgegebenen Eingabesignals 
(i) ein Scharfstell-Ausgabesignal erzeugt, 
das bei der Anwendung an den Zunder 
angelegt wird, um den Zunder dazu zu be- 
fahigen, ausgelost zu werden, und (ii) nach 
der Erzeugung des Scharfstell-Ausgabesi- 



gnals ein Auslose-Ausgabesignal erzeugt, 
das nach einer vorgegebenen zeitlichen 
Verzogerung, die durch die vorgegebenen 
Eingabesignale eingeleitet wird, an den 
5 Zunder angelegt wird, um eine explosive 

Auslosung des Zunders zu verursachen, 
und 

(b) ein Steuergerat (14), das dazu dient, den 
Betrieb des Zunders mittels codierter digita- 

10 ler Signale fur die Auslosevorrichtung zu 

steuern, aufweist, wobei das Steuergerat 
(14) einen Mikrorechner (342) mit einem 
Speicher aufweist, der mindestens einen 
Scharfstellcode und einen Auslosecode 

75 speichert, und wobei der Mikrorechner eine 

Scharfstelltaste (SI, S2) hat, die bei der 
Betatigung durch einen Anwender bewirkt, 
dafi ein Scharfstellsignal, das aus dem 
Scharfstellcode abgeleitet ist, erzeugt und 

20 zu der Auslosevorrichtung ausgesendet 

wird, und eine Auslosetaste (S3) hat, die bei 
der Betatigung durch einen Anwender be- 
wirkt, dai3 ein Auslosesignal, das aus dem 
Auslosecode abgeleitet ist, erzeugt und 

25 ausgesendet wird, wobei der Mikrorechner 

derart ist, dafi die Auslosetaste innerhalb 
einer vorgegebenen Zeit nach Betatigung 
der Scharfstelltaste betatigt werden mui3 
und das Auslosesignal sonst nicht zu der 

30 Auslosevorrichtung ubertragen wird. 

2. Zunderauslosesystem nach Anspruch 1, da- 
durch gekennzeichnet, da/3 der Speicher des 
Steuergerat-Mikrorechners (342) einen Ruck- 

35 setzcode halt und, wenn die Auslosetaste nicht 

innerhalb der vorgegebenen Zeit nach der Be- 
tatigung der Scharfstelltaste betatigt wird, ein 
Riicksetz-Ausgabesignal erzeugt, das die Zun- 
der so lange unfahig macht, explosiv ausgelost 

40 zu werden, bis eine vorgegebene Folge von 

Scharfstell- und Auslose-Ausgabesignalen 
empfangen wird. 

3. Zunderauslosesystem nach Anspruch 1 oder 

45 Anspruch 2, dadurch gekennzeichnet, da/3 die 

Auslosevorrichtung auf Einstellsignale reagiert 
und der Mikrorechner des Steuergerates derart 
eingerichtet ist, da^ er als Reaktion auf die 
Betatigung einer Einstelltaste oder auf einen 

50 einprogrammierten Befehl ein Einstell-Ausga- 

besignal erzeugt, worauf eine Zeitgebervorrich- 
tung (210) in der Steuerschaltung der Auslose- 
vorrichtung wahrend einer Zeit, die durch ein 
Steuersignal aus dem Steuergerat (14) been- 

55 det wird, betatigt wird, wobei das Ausgangssi- 

gnal der Zeitgebervorrichtung in der Steuer- 
schaltung der Auslosevorrichtung gespeichert 
wird, wodurch eine darin gespeicherte Verzo- 



15 



29 



EP 0 208 480 B1 



30 



gerungszeit auf einer Zeitbasis bezugiich des 
Steuergerats eingestellt werden kann. 

Ziinderauslosesystem nach Anspruch 3, da- 
durch gekennzeichnet, 6aB in dem System 5 
eine Wandlereinheit (26) vorhanden ist, die 
derart an die Auslosevorrichtung (24) gekop- 
pelt werden kann, dafi durch die Koppelung 
alle zweckmaBlgen elektrischen Verbindungen 
hergestellt werden, wobei der Wandler auf io 
nnindestens einen vorgewahlten physikalischen 
Paranneter reaglert und innstande Ist, Zustands- 
signale zu erzeugen, die nnit denn Parameter in 
Verbindung stehen, um eine Veranderung der 
Einstellung der Auslosevorrichtung zu ermogll- 75 
Chen, wobel die Veranderung zu dem Steuer- 
gerat ubertragen wird. 

Auslosevorrichtung fiir einen Zunder eines Sy- 
stems nach einem der Anspruche 1 bis 4, die 20 
eine Steuerschaltung (106, 118) aufweist, die 
auf digitale Eingabesignale aus einem Steuer- 
gerat (14), die an EIngange der Steuerschal- 
tung angelegt werden, reaglert, wobel die 
Steuerschaltung derart betrleben werden kann, 25 
dafi sie beim Empfang mindestens eines vor- 
gegebenen Eingabesignals (I) ein Scharfstell- 
Ausgabeslgnal erzeugt, das bel der Anwen- 
dung an den Zunder angelegt wird, um den 
Zunder dazu zu befahigen, ausgelost zu wer- 30 
den, und (II) nach der Erzeugung des 
Scharfstell-Ausgabesignals ein Auslose-Ausga- 
besignal erzeugt, das nach einer vorgegebe- 
nen zeltllchen Verzogerung, die durch die vor- 
gegebenen Eingabesignale eingeleltet wird, an 35 
den Zunder angelegt wird, um eine explosive 
Auslosung des Zunders zu verursachen. 

Auslosevorrichtung nach Anspruch 5, dadurch 

gekennzeichnet, da^ die Schaltung der Auslo- 40 
sevorrichtung einen Mikrorechner (206, 436) 
mit einem Speicher aufweist, der mindestens 
einen Scharfstellcode und einen Auslosecode 
speichert, wobei der Mikrorechner Eingabesi- 
gnale analysiert und bewirkt, da^ fiir den Zun- 45 
der entsprechende Scharfstell- und Auslose- 
Ausgabeslgnale erzeugt werden, wenn der Mi- 
krorechner ein vorgegebenes Signal Oder vor- 
gegebene Signale empfangt. 

50 

Auslosevorrichtung nach Anspruch 5 Oder An- 
spruch 6, dadurch gekennzeichnet, dai3 die 
Lange der Verzogerung uber die Vorrichtung 
(14, 10, 20), die zur Ubertragung von Signalen 
zu der Auslosevorrichtung angewandt wird, 55 
programmiert werden kann, wenn sich der 
Zunder an Ort und Stelle in dem Sprengloch 
beflndet. 



8. Auslosevorrichtung nach Anspruch 6, dadurch 

gekennzeichnet, da^ der Mikrorechner (206, 
436) beim Empfang eines vorgegebenen Si- 
gnals unter Bezugnahme auf den gespeicher- 
ten Scharfstellcode und Auslosecode und eine 
vorgegebene Verzogerung ein Scharfstell-Aus- 
gabeslgnal erzeugt, auf das nach der vorgege- 
benen Verzogerung ein Auslo se-Ausgabesi- 
gnal folgt. 

9. Steuergerat eines Systems nach einem der 
Anspruche 1 bis 4, wobei das Steuergerat (14) 
einen Mikrorechner (342) mit einem Speicher 
aufweist, der mindestens einen Scharfstellcode 
und einen Auslosecode speichert, und wobei 
der Mikrorechner eine Scharfstelltaste (SI , S2) 
hat, die bel der Betatigung durch einen An- 
wender bewirkt, da/3 ein Scharfstellsignal, das 
aus dem Scharfstellcode abgeleltet ist, erzeugt 
und zu der Auslosevorrichtung ausgesendet 
wird, und eine Auslosetaste (S3) hat, die bei 
der Betatigung durch einen Anwender bewirkt, 
daB ein Ausloseslgnal, das aus dem Auslose- 
code abgeleltet ist, erzeugt und ausgesendet 
wird, wobel der Mikrorechner derart ist, daB die 
Auslosetaste innerhalb einer vorgegebenen 
Zeit nach Betatigung der Scharfstelltaste beta- 
tigt werden muB und das Auslosesignal sonst 
nicht zu der Auslosevorrichtung ubertragen 
wird. 

10. Steuergerat nach Anspruch 9, dadurch ge- 
kennzeichnet, 6aB der Speicher des Mikrorech- 
ners einen Rucksetzcode halt und, wenn die 
Auslosetaste (S3) nicht Innerhalb der vorgege- 
benen Zeit nach der Betatigung der Scharf- 
stelltaste betatigt wird, ein Rucksetz-Ausgabe- 
signal erzeugt, das die Zunder so lange unfa- 
hlg macht, explosiv ausgelost zu werden, bis 
eine vorgegebene Folge von Scharfstell- und 
Auslose-Ausgabesignalen empfangen wird. 
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CONNECTION TABLE FOR FIGURE 22 CIRCUIT 
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® Elelctrische Steckverbindung an einem mit eielctrischem ZUnder versehenen pyroteciinischen 
Gasgenerator. 



@ Bei einer eiektrischen Steckverbindung an einem 
mit elektrischem Ztinder versehenen pyrotechni- 
schen Gasgenerator (10) fur RGckhaltesysteme in 
Fahrzeugen sind die beiden Kontaktteile (14. 16), 
von denen eines (14) als Kontaktfeder ausgebildet 
ist, aneinander in Aniage, solange der AnschluBstek- 
ker (12) niclit aufgesetzt ist. Der Zunder ist daher 
gesichert. Beim Aufsetzen des AnschluBsteckers 
wird das als Kontaktfeder ausgebildete Kontaktteil 
(14) radial von dem anderen Kontaktteil (16) abge- 
spreizt, so daB der KurzschluB zwischen den Kon- 
taktteilen aufgehoben wird. 

Der Sicherung und Entsicherung des ZUnders 
mu6 kelne besondere Beachtung mehr geschenkt 
werden. 
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Die Erfindung betrifft eine elektrische Steckver- 
blndung an einem mit elektrischem ZQnder verse- 
henen pyrotechnischen Gasgenerator fur Ruckhal- 
tesysteme In Fahrzeugen, mit zwei aus dem elektri- 
schen Zunder herausgefuhrten Kontaktteilen und 
einem AnschluBstecker. 

Um bei pyrotechnischen Gasgeneratoren mit 
elektrischem Zunder eine ungewollte Zundung si- 
cher zu verhlndern, ist es zweckmafiig, die Kontakt- 
teile mit einer KurzschluBbrucke zu versehen, die 
erst unwirksam gemacht wird, wenn das Ruckhalte- 
system, beispielsweise ein Gurtaufroller mit pyro- 
technischem Gurtstraffer Oder ein Airbag-Modul, im 
Fahrzeug eingebaut wird. Eine solche Kurzschlu/3- 
brucke ist ein separates Teil, welches die Kontakt- 
teile des Gasgenerators elektrisch miteinander ver- 
bindet. 

Die Erfindung geht von der Erkenntnis aus, daS 
eine Sicherung des Gasgenerators mittels einer 
solchen KurzschluBbrucke nicht optimal ist. Es 
kann prinzipiell nicht ausgeschlossen werden, dal3 
ein Gasgenerator ohne KurzschluBbrucke ausgelie- 
fert wird Oder diese verloren geht. Die Erfindung 
schlagt daher eine Ausbildung der Steckverbin- 
dung vor, bei der eine Uberbruckung der Kontakt- 
teile des Gasgenerators auch ohne separates Kurz- 
schiuBteil gewahrleistet ist, solange der AnschluB- 
stecker nicht aufgesetzt ist. 

Durch die Erfindung wird eine elektrische 
Steckverbindung der oben angegebenen Art dahln- 
gehend weitergeblldet, da3 bei nicht aufgestecktem 
AnschluBstecker eine mit dem ersten Kontaktteil 
verbundene Kontaktfeder mit dem zweiten Kontakt- 
teil in BerQhrung ist und so die AnschlUsse des 
elektrischen Zanders kurzschlieBt und da3 der An- 
schluBstecker mit einem Spreizteil versehen ist, 
das bei aufgestecktem AnschluBstecker die Kon- 
taktfeder von dem zweiten Kontaktteil radial weg- 
sprelzt. Die mit 6em ersten Kontaktteil verbundene 
Kontaktfeder liegt so lange unter Vorspannung an 
dem zweiten Kontaktteil an, bis der AnschluBstek- 
ker aufgesetzt wird und bei diesem Vorgang mit 
seinem Spreizteil unter die Kontaktfeder greift und 
diese von dem zweiten Kontaktteil abhebt. Der 
KurzschluBbrucke fur den elektrischen Zunder muB 
keinerlei Beachtung mehr geschenkt werden. Der 
damit verbundene Gewinn an Sicherheit und ver- 
einfachter Handhabung wird mit einfachsten Mittein 
erreicht, da nur die ohnehin ben5tigte Steckverbin- 
dung geeignet ausgebildet werden muB. 

GemMB einer ersten AusfOhrungsform der Er- 
findung ist das Spreizteil durch eine Isolierbuchse 
gebildet, weiche eine zu dem zweiten Kontaktteil 
komplementare Kontakthulse umgibt und an ihrem 
dem Gasgenerator zugewandten Ende verjungt 
ausgebildet Ist. Die Kontaktfeder ist an ihrem freien 
Ende umgebogen. Die Isolierbuchse greift mit ih- 
rem verjQngten Ende beim Aufschieben des An- 



schluBsteckers unter das umgebogene Ende der 
Kontaktfeder und hebt diese von dem zweiten Kon- 
taktteil ab. Sie halt diese dann in sicherem Abstand 
von dem zweiten Kontaktteil. 
5 GemaB einer zweiten AusfOhrungsform ist das 

Spreizteil durch eine auBere Kontakthulse gebildet. 
die eine Isolierbuchse umgibt, weiche ihrerseits 
eine innere KontakthGlse umgibt, die komplementar 
zu dem zweiten, als Kontaktstift ausgebildeten Kon- 
10 taktteil angeordnet ist. Bei dieser AusfUhrungsform 
wird die auBere Kontakthulse beim Aufschieben 
des AnschluBsteckers in Kontakt mit dem vorzugs- 
weise umgebogenen Ende der Kontaktfeder ge- 
bracht; die Kontaktfeder wird radial auswarts ge- 
75 spreizt und bleibt durch ihre Federkraft in sicherem 
Eingriff mit der auBeren Kontakthulse. 

Weitere Merkmale und Vorteile der Erfindung 
ergeben sich aus der folgenden Beschreibung und 
aus der Zeichnung, auf die Bezug genommen wird. 
20 In der Zeichnung zeigen: 

Fig. 1 eine Schnittansicht einer ersten Aus- 
fUhrungsform der Steckverbindung 
bei aufgesetztem AnschluBstecker; 
Fig. 1a eine perspektivische Tellansicht der 
25 Steckverbindung bei abgezogenem 

AnschluBstecker; 
Fig. 2 einen schematischen Teilschnitt ei- 
ner Weiterbildung der in Fig. 1 ge- 
zeigten AusfOhrungsform der Steck- 
30 verbindung bei aufgesetztem An- 

schluBstecker; 
Fig. 3 einen schematischen Teilschnitt der 
in Fig. 2 gezeigten AusfOhrungsform 
bei abgenommenem AnschluSstek- 
36 ker; 

Fig. 4 einen schematischen Teilschnitt ei- 
ner weiteren AusfOhrungsform der 
Steckverbindung; 
Rg. 5 eine in bezug auf Fig. 4 um 90* 
40 verdrehte Schnittansicht des mit dem 

AnschluBstecker zu kuppelnden En- 
des des Gasgenerators; und 
Fig. 6 eine Explosionsansicht der in den 
Rg. 4 und 5 gezeigten AusfOhrungs- 
45 form. 

In Fig. 1 ist von dem pyrotechnischen Gasge- 
nerator 1 0 nur das AnschluBende gezeigt, auf wel- 
ches ein AnschluBstecker 12 aufgesetzt wird. Der 
Gasgenerator 10 ist mit einem elektrischen ZOnder 
60 versehen. Dieser besteht aus einer Zundpille 11, 
deren AnschlUsse mit zwei voneinander Isolierten 
Kontaktteilen 14, 16 verbunden sind, die in Axial- 
richtung aus dem Gasgenerator herausgefuhrt sind. 
Das Kontaktteil 16 ist ein zu dem zylindrischen 
55 Gehause des Gasgenerators 10 koaxlaler Kontakt- 
stift. Das Kontaktteil 14 ist als Kontaktfeder oder 
-lamelle ausgebildet und an seinem freien Ende 
bogenformig gestaltet. Ein zylindrischer Stecksok- 
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kel 18 ist an seiner Basis mit der Ihm zugewandten 
StirnflMche des Gasgenerators 10 verbunden. Die 
Enden der Kontaktteile 14. 16 ragen in den Innen- 
raum dieses Stecksockels 18 hinein. 

Der Anschlul3stecker 12 ist mit einem Steck- 
buchsenteil 20 versehen, welches in den zylindri- 
schen Innenraum des Stecksokkeis 18 einschieb- 
bar ist Eine au6ere zylindrische Kontakthulse 22 
umgibt einen rohrformigen Isolierkorper 23, der 
seinerseits eine innere zylindrische, koaxiale Kon- 
takthulse 24 umgibt. Die innere KontakthQIse 24 ist 
komplementar zu dem Ende des stiftformigen Kon- 
taktteils 16 ausgebildet. Die aul3ere KontakthQIse 
22 ist zum Zusammenwirken mit dem bogenfSrmig 
gestalteten Ende des Kontaktteils 14 bestimmt. Die 
Kontakthulsen 22. 24 sind mit Anschlul3drahten 26, 
28 verbunden, die rechtwinklig zur Achse der 
Steckverbindung aus dem AnschluSstecker 12 her- 
ausgefUhrt sind. 

Soiange der Anschlul3stecker 12 nicht auf das 
Anschlul3ende des Gasgenerators 10 aufgeschoben 
ist, befindet sich das bogenformig gestaltete Ende 
des Kontaktteils 14 in Aniage an dem Kontakttell 
16, wie in Fig. la dargestellt. Die Kontaktteile 14, 
16 sind daher elektrisch kurzgeschlossen, so dal3 
die Zundpiile 11 gesichert ist. 

Wenn der Anschlufistecker 12 mit dem Steck- 
buchsentei! 20 in den Stecksockel 18 eingefUhrt 
wird, greift zunachst die innere Kontakthulse 24 
Uber das freie Ende des Kontaktteils 16 und dann 
die aulJere KontakthUlse 22 mit Ihrem Stirnende 
unter das umgebogene Ende des Kontaktteils 14; 
bei weiterem Aufschieben des AnschluBsteckers 12 
wird das umgebogene Ende des Kontaktteils 14 in 
Radialrichtung von dem Kontaktteil 16 weg ge- 
spreizt und kommt dabei in elektrlschen Kontakt- 
eingriff mit der aul3eren KontakthUlse 22. Der Kurz- 
schluB zwischen den Kontaktteilen 14, 16 ist nun- 
mehr aufgehoben. 

Bei der in Fig. 2 gezeigten Welterbildung der 
Steckverbindung ist die aul3ere Kontakthulse 22 mit 
einer umlaufenden Umfangsrille 30 versehen, in die 
das dazu komplementar gebogene freie Ende des 
Kontaktteils 14 eingreifen kann, um den Anschlufi- 
stecker 12 axial am Stecksockel 18 zu sichern. Im 
ubrigen stimmt die Ausfuhrungsform nach Fig. 2 
mit der nach Fig. 1 Uberein. 

Fig. 3 zeigt die Ausftihrungsform nach Fig. 2 
nochmals bei abgezogenem Anschlufistecker 12. 

Bei der AusfUhrungsform nach den Fig. 4 bis 6 
sind beide Kontaktteile 14, 16 stiftformig ausgebil- 
det. Zusatzlich ragt ein Befestigungsstift 15 parallel 
zu den Kontaktteilen 14, 16 aus dem Stirnende des 
Gasgenerators 10 heraus in das Innere des Steck- 
sockels 18. In den zylindrischen Innenraum des 
Stecksockels 18 ist eine zylindrische Kontaktbuch- 
se 32 eingesetzt, in deren radialem Boden 34 zwei 
aulJere Durchgangsoffnungen fUr den Befesti- 



gungsstift 1 5 und das Kontaktteil 1 4 geblldet sind. 
Zur Bildung dieser Durchgangs5ffnungen ist deren 
Umfangsbereich am Boden 34 hochgewolbt und 
geschlitzt. so dafi Spreizfederteile entstehen. die 

5 einen festen Sitz der aufieren Kontaktbuchse 32 
auf den freien Enden des Kontaktteils 14 und des 
Befestigungsstiftes 15 bewirken. Zugleich wird der 
Stecksockel 18 am Anschlul3ende des Gasgenera- 
tors 10 gesichert. Die Spreizfederteile sind in Fig. 5 

10 allgemein mit 36, 38 bezeichnet; wie in Fig. 6 
angedeutet Ist, konnen auch separate Spreizfeder- 
teile 37 verwendet warden. 

Bei erhohten AnsprUchen an Festigkeit und 
Kontaktsicherheit werden die freien Enden des 

75 Kontaktteils 14 und des Befestigungsstiftes 15 zu- 
sStzlich mit der Kontaktbuchse 32 veriotet. 

Aus dem radialen Boden 34 ist in Diametral- 
richtung eine Kontaktfeder 40 ausgestanzt. D'lese 
Kontaktfeder 40 1st an ihrem freien Ende umgebo- 

20 gen. Das durch Ausstanzen der Kontaktfeder 40 
gebildete Fenster 42 in dem Boden 34 bildet eine 
Durchtrittstiffnung fur das mittlere Kontaktteil 16. 

Soiange kein AnschluSstecker aufgesetzt ist, 
befindet sich die Kontaktfeder 40 in BerOhrung mit 

25 dem Aul3enumfang des Kontaktteils 16, so daB die 
Kontaktteile 14, 16 kurzgeschlossen sind, wie in 
Fig. 4 gezelgt. 

Der Anschluflstecker 12 ist mit einer zylindri- 
schen Kontaktbuchse 44 versehen, die in die aufie- 

30 re Kontaktbuchse 32 passend eingeschoben wer- 
den kann. Durch axlale Schlltze sind an der Kon- 
taktbuchse 44 federnde Stege 44a gebildet, so dal3 
die Kontaktbuchse 44 in Radialrichtung federnd 
nachglbt. Eine koaxiale, innere Kontakthulse 46 ist 

35 komplementar zu dem Ende des Kontaktteils 16 
ausgebildet. Diese Kontakthulse 46 ist von einer 
Isolierbuchse 48 umgeben, die an ihrem dem Gas- 
generator zugewandten Ende verjOngt ausgebildet 
ist. 

40 Diese Isolierbuchse 48 bildet ein Spreizteil, 

dessen Stirnende beim Aufsetzen des Anschlul3- 
steckers 12 auf den Gasgenerator 10 unter das 
umgebogene Ende der Kontaktfeder 40 greift und 
diese In Radialrichtung von dem Kontaktteil 16 

46 wegspreizt. Beim weiteren Aufschieben des An- 
schluBsteckers 12 kommt das umgebogene Ende 
der Kontaktfeder 40 mit einer Umfangsrille 50 der 
Isolierbuchse 48 in Eingriff, um den Anschlufistek- 
ker 12 axial in dem Stecksockel 18 zu sichern. 

50 Bei beiden Ausfuhrungsformen ist der elekth- 

sche Zunder des Gasgenerators durch Kurzschlie- 
Ben der Kontaktteile 14. 16 immer dann gesichert, 
wenn der AnschluBstecker 12 nicht aufgesetzt ist. 
Die Entslcherung tritt zwangslaufig ein, wenn der 

55 AnschluSstecker 12 aufgesetzt wird. 
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PatentansprUche 

1. Elektnsche Steckverblndung an einem mit 
elekthschem Zunder (11) versehenen pyro- 
technlschen Gasgenerator (10) fur Ruckhalte- 
systeme in Fahrzeugeh, mit zwei aus dem 
elektrischen Zunder herausgefOhrten Kontakt- 
teilen (14, 16) und einem AnschluBstecker (12), 
dadurch gekennzeichnet, daB bei nicht aufge- 
stecktem AnschluBstecker (12) eine mit dem 
ersten Kontakttell (14) verbundene Kontaktfe- 
der (40; 14) mit dem zweiten Kontaktteil (16) in 
Beruhrung ist und so die Anschlusse des elek- 
trischen Zunders (11) kurzschileBt und daB der 
AnschluBstecker (12) mit einem Spreiztell (22; 
48) versehen ist, das bei aufgestecktem An- 
schluBstecker (12) die Kontaktfeder (40; 14) 
von dem zweiten Kontakttell radial wegspreizt. 

2. Steckverbindung nach Anspruch 1, dadurch 
gekennzeichnet, daB das Spreizteil (48) durch 
eine Isolierbuchse gebildet ist welche eine zu 
dem zweiten Kontaktteil (16) komplementSre 
Kontakthlilse (46) umgibt und an ihrem dem 
Gasgenerator (10) zugewandten Ende verjungt 
ausgebildet Ist, und daB die Kontaktfeder (40) 
an ihrem freien Ende umgebogen ist. 

3. Steckverbindung nach Anspruch 2, dadurch 
gekennzeichnet, daB die Isolierbuchse (48) mit 
einer Umfangsrille (50) versehen Ist, In die das 
umgebogene Ende der Kontaktfeder (40) ein- 
greift. 



7. Steckverbindung nach Anspruch 6. dadurch 
gekennzeichnet, daB der radlale Boden (34) 
der auBeren Kontaktbuchse (32) mit einer Of- 
fung zum Durchschieben eines aus dem Gas- 

6 generator (10) herausragenden Befestigungs- 

stiftes (15) versehen ist. 

8. Steckverbindung nach Anspruch 2, dadurch 
gekennzeichnet, daB das Spreizteil durch eine 

10 auBere Kontakthulse (22) gebildet ist, die eine 

Isolierbuchse (23) umgibt, welche ihrersetts 
eine innere Kontakthulse (24) umgibt, die kom- 
plementar zu dem zweiten, als Kontaktstift aus- 
gebildeten Kontaktteil (16) angeordnet ist. 

75 

9. Steckverbindung nach Anspruch 8, dadurch 
gekennzeichnet, daB das erste Kontaktteil (14) 
einteilig mit der Kontaktfeder ausgebildet ist. 

20 10. Steckverbindung nach Anspruch 8 oder 9, da- 
durch gekennzeichnet, daB die Kontaktfeder 
(14) an ihrem freien Ende umgebogen ist und 
in eine Umfangsrille (30) der SuBeren Kontakt- 
hulse (22) eingrelft. 

25 



30 



4. Steckverbindung nach einem der vorstehenden 35 
Anspruche, dadurch gekennzeichnet, daB das 
erste Kontaktteil (14) mit einer zylindrischen 
auBeren Kontaktbuchse (32) verbunden ist, in 

die eine innere Kontaktbuchse (44) des An- 
schluBsteckers (1 2) einschiebbar ist. 40 

5. Steckverbindung nach Anspruch 4, dadurch 
gekennzeichnet, daB die auSere Kontaktbuchse 
(32) .einen radlalen Boden (34) aufweist, aus 
dem die Kontaktfeder (40) ausgestanzt ist. 45 

6. Steckverbindung nach Anspruch 5, dadurch 
gekennzeichnet, daS der radlale Boden (34) 
der SuBeren Kontaktbuchse mit einer 5ffnung 

zum Durchschieben des freien Endes des er- 50 
sten, als Stift ausgebildeten Kontaktteils (14) 
versehen ist und das zweite, als Kontaktstift 
ausgeblldete Kontaktteil (16) koaxial zu der au- 
Beren Kontaktbuchse (32) durch das in dem 
radlalen Boden (34) durch Ausstanzen der 56 
Kontaktfeder (40) gebildete Fenster (42) ragt. 
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